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(57) ABSTRACT 

A Substrate has first and second target structures formed 
thereon by a lithographic process. Each target structure has 
two-dimensional periodic structure formed in a single mate 
rial layer on a Substrate using first and second lithographic 
steps, wherein, in the first target structure, features defined 
in the second lithographic step are displaced relative to 
features defined in the first lithographic step by a first bias 
amount that is close to one half of a spatial period of the 
features formed in the first lithographic step, and, in the 
second target structure, features defined in the second litho 
graphic step are displaced relative to features defined in the 
first lithographic step by a second bias amount close to one 
half of said spatial period and different to the first bias 
amount. An angle-resolved scatter spectrum of the first 
target structure and an angle-resolved scatter spectrum of the 
second target structure is obtained, and a measurement of a 
parameter of a lithographic process is derived from the 
measurements using asymmetry found in the scatter spectra 
of the first and second target structures. 
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METHOD AND APPARATUS FOR 
MEASURING A PARAMETER OF A 

LITHOGRAPHIC PROCESS, SUBSTRATE 
AND PATTERNING DEVICES FOR USE IN 

THE METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims benefit under 35 U.S.C 
S119(e) to U.S. Provisional Applications 62/210,938 and 
62/301.880, which are all incorporated by reference herein 
in their entireties. 

BACKGROUND 

0002 Field of the Invention 
0003. The present invention relates to methods of manu 
facture of products Such as semiconductor devices using 
lithographic techniques. 
0004 Background Art 
0005. A lithographic apparatus is a machine that applies 
a desired pattern onto a substrate, usually onto a target 
portion of the Substrate. A lithographic apparatus can be 
used, for example, in the manufacture of integrated circuits 
(ICs). In that instance, a patterning device, which is alter 
natively referred to as a mask or a reticle, may be used to 
generate a circuit pattern to be formed on an individual layer 
of the IC. This pattern can be transferred onto a target 
portion (e.g., including part of, one, or several dies) on a 
Substrate (e.g., a silicon wafer). Multiple layers, each having 
a particular pattern and material composition, are applied to 
define functional devices and interconnections of the fin 
ished product. 
0006 Current and next generation processes often rely on 
so-called multiple patterning techniques to produce device 
features having dimensions far Smaller than can be printed 
directly by the lithographic apparatus. Multiple patterning 
steps, each having its own mask or reticle, are performed to 
define a desired device pattern in a single layer on the 
substrate. Many different examples of multiple patterning 
are known. In some processes, a regular, grid structure is 
formed as a basis for the desired device pattern. Then using 
a circuit-specific mask pattern, lines that form the grid 
structure are cut at specific locations to separate the lines 
into individual segments. The grid structure may be excep 
tionally fine in dimensions, with a pitch in the tens or even 
teens of nanometers. 
0007. In a lithographic process, it is desirable frequently 
to make measurements of structures created, e.g., for process 
control and verification. Various tools for making Such 
measurements are known, including scanning electron 
microscopes, which are often used to measure critical 
dimension (CD), and specialized tools to measure overlay, 
the accuracy of alignment of two layers of a Substrate. Final 
performance of manufactured device depends critically on 
the accuracy of positioning and dimensioning of the cut 
mask relative to the grid structure. (The cut mask in this 
context is what defines the circuit-specific locations at which 
the grid structure is modified to form functional circuits.) 
Overlay error may cause cutting or other modification to 
occur in a wrong place. Dimensional (CD) errors may cause 
cuts be too large, or too small (in an extreme case, cutting 
a neighboring grid line by mistake, or failing to cut the 
intended grid line completely). 
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0008. Other performance parameters of the lithographic 
process may be also of interest, for example in optical 
lithography parameters of focus and exposure dose may also 
require measuring. 
0009. However, the dimensions of modern product struc 
tures are so Small that they cannot be imaged by optical 
metrology techniques. Small features include for example 
those formed by multiple patterning processes, and pitch 
multiplication. (These terms are explained further below.) In 
effect, the structures are too small for traditional metrology 
techniques which cannot 'see' them. Hence, targets used for 
high-volume metrology often use features that are much 
larger than the products whose overlay errors or critical 
dimensions are the property of interest. 
0010 While scanning electron microscopes are able to 
resolve modern products structures, measurements per 
formed with scanning electron microscopes are much more 
time consuming, as well as more expensive, than optical 
measurementS. 

SUMMARY 

0011. The inventors have recognized that it is possible to 
perform metrology measurements on structures with dimen 
sions and processing similar to product structures, by using 
Zeroth order light scattered by these structures. 
0012. In a first aspect of the invention, there is provided 
a method of measuring a parameter of a lithographic pro 
cess, the lithographic process being for forming a two 
dimensional, periodic product structure in a single material 
layer using two or more lithographic steps, the method 
comprising: providing first and second target structures, 
each target structure comprising a two-dimensional periodic 
structure formed in a single material layer on a Substrate 
using first and second lithographic steps, wherein, in the first 
target structure, features defined in the second lithographic 
step are displaced relative to features defined in the first 
lithographic step by a first bias amount that is close to one 
half of a spatial period of the features formed in the first 
lithographic step, and, in the second target structure, features 
defined in the second lithographic step are displaced relative 
to features defined in the first lithographic step by a second 
bias amount close to one half of said spatial period and 
different to the first bias amount, obtaining an angle-re 
Solved scatter spectrum of the first target structure and an 
angle-resolved scatter spectrum of the second target struc 
ture; and deriving a measurement of said parameter using 
asymmetry found in the scatter spectrum of the first target 
structure and asymmetry found in the scatter spectrum of the 
second target structure. 
0013. In some embodiments, obtaining the angle-re 
Solved scatter spectrum of each target structure comprises: 
illuminating the target structure with radiation; and detecting 
the angle-resolved scatter spectrum using Zero order radia 
tion scattered by the target structure. 
0014. The spatial period of each target structure is sig 
nificantly shorter than a wavelength of the radiation used to 
illuminate the target structures. 
0015 The method may further comprise selecting the 
wavelength of radiation from a range of available wave 
lengths so as to optimize strength and linearity of asymmetry 
in the angle-resolved scatter spectra of the target structures. 
0016. In some embodiments, the step of deriving said 
parameter comprises calculating a measurement of overlay 
error relating to said product structures using the asymmetry 
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found in the scatter spectrum of the first target structure, the 
asymmetry found in the scatter spectrum of the second target 
structure and knowledge of the first bias amount and the 
second bias amount. 

0017 Features of the target structures that are defined in 
the first lithographic step may comprise a grid structure 
defining said spatial period in a first direction, and features 
of said target structures that are defined in the second 
lithographic step may comprise modifications of the grid 
structure at locations spaced periodically in a two-dimen 
sional periodic arrangement. 
0018. The features of said target structures that are 
defined in the first lithographic step may further comprise a 
grid structure defining said spatial period in a first direction, 
and features of said target structures that are defined in the 
second lithographic step may further comprise cuts in ele 
ments of the grid structure. 
0019. In some embodiments, the first target structure and 
the second target structure may be formed by etching and/or 
deposition processes after the first and second lithographic 
steps have been used to define their features 
0020. In some embodiments, a product structure may be 
formed in the same material layer elsewhere on the same 
Substrate using said first and second lithographic steps, 
wherein, in the product structure, features defined in the 
second lithographic step are not displaced relative to fea 
tures defined in the first lithographic step by any bias 
amount. 

0021. The invention further provides a substrate for use 
in measuring a parameter of a lithographic process, the 
Substrate comprising first and second target structures, each 
target structure comprising a two-dimensional periodic 
structure formed in a single material layer using said first 
and second lithographic steps, wherein, in the first target 
structure, features defined in the second lithographic step are 
displaced relative to features defined in the first lithographic 
step by a first bias amount that is close to one half of a spatial 
period of the features formed in the first lithographic step, 
and, in the second target structure, features defined in the 
second lithographic step are displaced relative to features 
defined in the first lithographic step by a second bias amount 
that is close to one half of said spatial period and different 
to the first bias amount. 

0022. The invention yet further provides a metrology 
apparatus for use in a method according to the invention as 
set forth above. 

0023. In some embodiments, the metrology apparatus 
may comprise: a Support for a substrate on which a first 
target structure and a second target structure have been 
formed; an optical system for selectively illuminating each 
target structure with radiation and collecting at least Zero 
order radiation scattered by the target structure; a detector 
for detecting an angle-resolved scatter spectrum of each 
using said Zero order radiation; and a processor arranged to 
derive a parameter of a lithographic process using asymme 
try of the angle-resolved scatter spectrum of the first target 
structure and asymmetry of the angle-resolved scatter spec 
trum of the second target structure. 
0024. The invention yet further provides a lithographic 
system comprising: a lithographic apparatus for use in a 
lithographic process; and a metrology apparatus according 
to the invention as set forth above for use in measuring a 
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parameter of the lithographic process using first and second 
target structures formed at least partially using the litho 
graphic apparatus. 
0025. The invention yet further provides a computer 
program product comprising machine readable instructions 
which, when run on a suitable processor, cause the processor 
to perform the deriving step of the method according to the 
invention as set forth above. 
0026. The invention yet further provides a method to 
determine an overlay error on a Substrate on which product 
structures have been formed, the product structures includ 
ing first product features that have been defined by a first 
lithographic process and second product features that have 
been defined by a second lithographic process, the overlay 
error comprising a positional deviation between the first 
product features and the second product features, the method 
comprising: providing a first target structure on the Sub 
strate, the first target structure comprising first target fea 
tures defined by the first lithographic process and second 
target features defined by the second lithographic step, a 
positional relationship between the first target features and 
the second target features depending on a first bias value and 
the overlay error, and providing a second target structure on 
the Substrate, the second target structure comprising third 
target features defined by the first lithographic process and 
fourth target features defined by the second lithographic 
step, a positional relationship between the third target fea 
tures and the fourth target features depending on a second 
bias value and the overlay error; detecting a first angle 
resolved scatter spectrum using Zero order radiation dif 
fracted from the first target structure; detecting a second 
angle-resolved scatter spectrum using Zero order radiation 
diffracted from the second target structure; calculating a 
measurement of the overlay error based on asymmetry 
observed in the first angle-resolved scatter spectrum and the 
second angle-resolved scatter spectrum and on knowledge of 
the first bias value and the second bias value. 
0027. Further aspects, features and advantages of the 
invention, as well as the structure and operation of various 
embodiments of the invention, are described in detail below 
with reference to the accompanying drawings. It is noted 
that the invention is not limited to the specific embodiments 
described herein. Such embodiments are presented herein 
for illustrative purposes only. Additional embodiments will 
be apparent to persons skilled in the relevant art(s) based on 
the teachings contained herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 Embodiments of the invention will now be 
described, by way of example, with reference to the accom 
panying drawings in which: 
0029 FIG. 1 depicts a lithographic apparatus together 
with other apparatuses forming a production facility for 
semiconductor devices; 
0030 FIG. 2 depicts a scatterometer configured to cap 
ture an angle-resolved scatter spectrum according to an 
embodiment of the present invention; 
0031 FIG. 3 illustrates a target structure according to a 

first embodiment of the present invention; 
0032 FIG. 4 schematically illustrates part of a set of 
patterning devices used applying patterns to a Substrate in 
the formation of the target structures of FIG. 3; 
0033 FIGS. 5(a)-5(c) schematically illustrate stages in a 
known multiple patterning process; 
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0034 FIGS. 6(a)-6(c) illustrate stages in forming first 
and second target structures in a multiple patterning process 
according to an embodiment of the present invention; 
0035 FIG. 7 is a flowchart of a method for measuring a 
parameter of a lithographic process according to an embodi 
ment of the present invention; 
0036 FIG. 8 schematically illustrates the principles of a 
conventional method of measuring overlay; 
0037 FIG. 9 illustrates simulated variation of asymmetry 
against overlay, for different wavelengths of radiation scat 
tered from the example target structure; and 
0038 FIG. 10 shows simulated pupil images of asym 
metry in scatter spectra of an example target structure with 
different overlay values. 

DETAILED DESCRIPTION 

0039. Before describing embodiments of the invention in 
detail, it is instructive to present an example environment in 
which embodiments of the present invention may be imple 
mented. 
0040 FIG. 1 at 200 shows a lithographic apparatus LA as 
part of an industrial production facility implementing a 
high-volume, lithographic manufacturing process. In the 
present example, the manufacturing process is adapted for 
the manufacture of for semiconductor products (integrated 
circuits) on Substrates such as semiconductor wafers. The 
skilled person will appreciate that a wide variety of products 
can be manufactured by processing different types of Sub 
strates in variants of this process. The production of semi 
conductor products is used purely as an example which has 
great commercial significance today. 
0041. Within the lithographic apparatus (or “litho tool 
200 for short), a measurement station MEA is shown at 202 
and an exposure station EXP is shown at 204. A control unit 
LACU is shown at 206. In this example, each substrate visits 
the measurement station and the exposure station to have a 
pattern applied. In an optical lithographic apparatus, for 
example, a projection system is used to transfer a product 
pattern from a patterning device MA onto the Substrate using 
conditioned radiation and a projection system. This is done 
by forming an image of the pattern in a layer of radiation 
sensitive resist material. 
0042. The term “projection system' used herein should 
be broadly interpreted as encompassing any type of projec 
tion system, including refractive, reflective, catadioptric, 
magnetic, electromagnetic and electrostatic optical systems, 
or any combination thereof, as appropriate for the exposure 
radiation being used, or for other factors such as the use of 
an immersion liquid or the use of a vacuum. The patterning 
MA device may be a mask or reticle, which imparts a pattern 
to a radiation beam transmitted or reflected by the patterning 
device. Well-known modes of operation include a stepping 
mode and a scanning mode. As is well known, the projection 
system may cooperate with Support and positioning systems 
for the substrate and the patterning device in a variety of 
ways to apply a desired pattern to many target portions 
across a Substrate. Programmable patterning devices may be 
used instead of reticles having a fixed pattern. The radiation 
for example may include electromagnetic radiation in the 
deep ultraviolet (DUV) or extreme ultraviolet (EUV) wave 
bands. The present disclosure is also applicable to other 
types of lithographic process, for example imprint lithogra 
phy and direct writing lithography, for example by electron 
beam. 
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0043. The lithographic apparatus control unit LACU 
which controls all the movements and measurements of 
various actuators and sensors to receive Substrates W and 
reticles MA and to implement the patterning operations. 
LACU also includes signal processing and data processing 
capacity to implement desired calculations relevant to the 
operation of the apparatus. In practice, control unit LACU 
will be realized as a system of many Sub-units, each han 
dling the real-time data acquisition, processing and control 
of a Subsystem or component within the apparatus. 
0044 Before the pattern is applied to a substrate at the 
exposure station EXP, the substrate is processed in at the 
measurement station MEA So that various preparatory steps 
may be carried out. The preparatory steps may include 
mapping the Surface height of the Substrate using a level 
sensor and measuring the position of alignment marks on the 
Substrate using an alignment sensor. The alignment marks 
are arranged nominally in a regular grid pattern. However, 
due to inaccuracies in creating the marks and also due to 
deformations of the substrate that occur throughout its 
processing, the marks deviate from the ideal grid. Conse 
quently, in addition to measuring position and orientation of 
the Substrate, the alignment sensor in practice must measure 
in detail the positions of many marks across the Substrate 
area, if the apparatus is to print product features at the 
correct locations with very high accuracy. The apparatus 
may be of a so-called dual stage type which has two 
Substrate tables, each with a positioning system controlled 
by the control unit LACU. While one substrate on one 
substrate table is being exposed at the exposure station EXP, 
another substrate can be loaded onto the other substrate table 
at the measurement station MEA So that various preparatory 
steps may be carried out. The measurement of alignment 
marks is therefore very time-consuming and the provision of 
two substrate tables enables a substantial increase in the 
throughput of the apparatus. If the position sensor IF is not 
capable of measuring the position of the substrate table 
while it is at the measurement station as well as at the 
exposure station, a second position sensor may be provided 
to enable the positions of the substrate table to be tracked at 
both stations. Lithographic apparatus LA may for example is 
of a so-called dual stage type which has two Substrate tables 
and two stations—an exposure station and a measurement 
station between which the substrate tables can be 
exchanged. 
0045. Within the production facility, apparatus 200 forms 
part of a “litho cell' or “litho cluster that contains also a 
coating apparatus 208 for applying photosensitive resist and 
other coatings to Substrates W for patterning by the appa 
ratus 200. At an output side of apparatus 200, a baking 
apparatus 210 and developing apparatus 212 are provided 
for developing the exposed pattern into a physical resist 
pattern. Between all of these apparatuses, Substrate handling 
systems take care of Supporting the Substrates and transfer 
ring them from one piece of apparatus to the next. These 
apparatuses, which are often collectively referred to as the 
track, are under the control of a track control unit which is 
itself controlled by a supervisory control system SCS, which 
also controls the lithographic apparatus via lithographic 
apparatus control unit LACU. Thus, the different apparatus 
can be operated to maximize throughput and processing 
efficiency. Supervisory control system SCS receives recipe 
information R which provides in great detail a definition of 
the steps to be performed to create each patterned substrate. 
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0046. Once the pattern has been applied and developed in 
the litho cell, patterned substrates 220 are transferred to 
other processing apparatuses Such as are illustrated at 222, 
224, 226. A wide range of processing steps is implemented 
by various apparatuses in a typical manufacturing facility. 
For the sake of example, apparatus 222 in this embodiment 
is an etching station, and apparatus 224 performs a post-etch 
annealing step. Further physical and/or chemical processing 
steps are applied in further apparatuses, 226, etc. Numerous 
types of operation can be required to make a real device, 
Such as deposition of material, modification of Surface 
material characteristics (oxidation, doping, ion implantation 
etc.), chemical-mechanical polishing (CMP), and so forth. 
The apparatus 226 may, in practice, represent a series of 
different processing steps performed in one or more appa 
ratuses. As another example, apparatus and processing steps 
may be provided for the implementation of self-aligned 
multiple patterning, to produce multiple Smaller features 
based on a precursor pattern laid down by the lithographic 
apparatus. 
0047. As is well known, the manufacture of semiconduc 
tor devices involves many repetitions of Such processing, to 
build up device structures with appropriate materials and 
patterns, layer-by-layer on the Substrate. Accordingly, Sub 
strates 230 arriving at the litho cluster may be newly 
prepared substrates, or they may be substrates that have been 
processed previously in this cluster or in another apparatus 
entirely. Similarly, depending on the required processing, 
substrates 232 on leaving apparatus 226 may be returned for 
a Subsequent patterning operation in the same litho cluster, 
they may be destined for patterning operations in a different 
cluster, or they may be finished products to be sent for dicing 
and packaging. 
0048. Each layer of the product structure requires a 
different set of process steps, and the apparatuses 226 used 
at each layer may be completely different in type. Further, 
even where the processing steps to be applied by the 
apparatus 226 are nominally the same, in a large facility, 
there may be several Supposedly identical machines working 
in parallel to perform the step 226 on different substrates. 
Small differences in set-up or faults between these machines 
can mean that they influence different substrates in different 
ways. Even steps that are relatively common to each layer, 
Such as etching (apparatus 222) may be implemented by 
several etching apparatuses that are nominally identical but 
working in parallel to maximize throughput. In practice, 
moreover, different layers require different etch processes, 
for example chemical etches, plasma etches, according to 
the details of the material to be etched, and special require 
ments such as, for example, anisotropic etching. 
0049. The previous and/or subsequent processes may be 
performed in other lithography apparatuses, as just men 
tioned, and may even be performed in different types of 
lithography apparatus. For example, some layers in the 
device manufacturing process which are very demanding in 
parameters such as resolution and overlay may be performed 
in a more advanced lithography tool than other layers that 
are less demanding. Therefore some layers may be exposed 
in an immersion type lithography tool, while others are 
exposed in a 'dry' tool. Some layers may be exposed in a 
tool working at DUV wavelengths, while others are exposed 
using EUV wavelength radiation. 
0050. In order that the substrates that are exposed by the 
lithographic apparatus are exposed correctly and consis 
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tently, it is desirable to inspect exposed Substrates to mea 
Sure properties such as overlay errors between Subsequent 
layers, line thicknesses, critical dimensions (CD), etc. 
Accordingly a manufacturing facility in which litho cell LC 
is located also includes metrology system which receives 
some or all of the substrates W that have been processed in 
the litho cell. Metrology results are provided directly or 
indirectly to the supervisory control system SCS. If errors 
are detected, adjustments may be made to exposures of 
Subsequent Substrates, especially if the metrology can be 
done soon and fast enough that other substrates of the same 
batch are still to be exposed. Also, already exposed sub 
strates may be stripped and reworked to improve yield, or 
discarded, thereby avoiding performing further processing 
on substrates that are known to be faulty. In a case where 
only some target portions of a substrate are faulty, further 
exposures can be performed only on those target portions 
which are good. 
0051. Also shown in FIG. 1 is a metrology apparatus 240 
which is provided for making measurements of parameters 
of the products at desired stages in the manufacturing 
process. A common example of a metrology station in a 
modern lithographic production facility is a scatterometer, 
for example an angle-resolved scatterometer or a spectro 
scopic scatterometer, and it may be applied to measure 
properties of the developed substrates at 220 prior to etching 
in the apparatus 222. Using metrology apparatus 240, it may 
be determined, for example, that important performance 
parameters such as overlay or critical dimension (CD) do not 
meet specified accuracy requirements in the developed 
resist. Prior to the etching step, the opportunity exists to strip 
the developed resist and reprocess the substrates 220 
through the litho cluster. The metrology results 242 from the 
apparatus 240 can be used to maintain accurate performance 
of the patterning operations in the litho cluster, by Supervi 
sory control system SCS and/or control unit LACU 206 
making Small adjustments over time, thereby minimizing the 
risk of products being made out-of-specification, and requir 
ing re-work. 
0.052 Additionally, metrology apparatus 240 and/or other 
metrology apparatuses (not shown) can be applied to mea 
sure properties of the processed substrates 232, 234, and 
incoming Substrates 230. The metrology apparatus can be 
used on the processed substrate to determine important 
parameters such as overlay or CD. In accordance with 
embodiments of the present disclosure, the metrology appa 
ratus is used to measure properties of structures having the 
same material and dimensions as functional product struc 
tures, which have been formed using one or more litho 
graphic steps, etching and other processes after lithographic 
exposure. 

0053 FIG. 2 shows the basic elements of a known 
angle-resolved scatterometer that may be used as a metrol 
ogy apparatus in embodiments of the present disclosure. In 
this type of metrology apparatus, radiation emitted by a 
radiation source 11 is conditioned by an illumination system 
12. For example, illumination system 12 may include a 
collimating using lens system 12a, a color filter 12b, a 
polarizer 12c and an aperture device 13. The conditioned 
radiation follows an illumination path IP, in which it is 
reflected by partially reflecting surface 15 and focused into 
a spot S on substrate W via a microscope objective lens 16. 
A metrology target T may be formed on substrate W. Lens 
16, has a high numerical aperture (NA), for example at least 
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0.9 or at least 0.95. Immersion fluid can be used to obtain 
with numerical apertures greater than 1, if desired. 
0054 As in the lithographic apparatus LA, one or more 
substrate tables may be provided to hold the substrate W 
during measurement. Coarse and fine positioners may be 
configured to accurately position the Substrate in relation to 
a measurement optical system. Various sensors and actuators 
are provided for example to acquire the position of a target 
of interest, and to bring it into position under the objective 
lens 16. Typically many measurements will be made on 
targets at different locations across substrate W. The sub 
strate support can be moved in X and/or Y directions to 
acquire different targets, and in the Z direction to obtain a 
desired focusing of the optical system on the target. It is 
convenient to think and describe operations as if the objec 
tive lens and optical system being brought to different 
locations on the Substrate, when in practice the optical 
system may remain Substantially stationary and only the 
Substrate moves. In other apparatuses, relative movement in 
one direction is implemented by physical movement of the 
Substrate, while relative movement in orthogonal direction is 
implemented by physical movement of the optical system. 
Provided the relative position of the substrate and the optical 
system is correct, it does not matter in principle whether one 
or both of those is moving in the real world. 
0.055 When the radiation beam is incident on the beam 
splitter 16 part of it is transmitted through the beam splitter 
(partially reflecting surface 15) and follows a reference path 
RP towards a reference mirror 14. 

0056 Radiation reflected by the substrate, including 
radiation diffracted by any metrology target T is collected 
by lens 16 and follows a collection path CP in which it 
passes through partially reflecting Surface 15 into a detector 
19. The detector may be located in the back-projected pupil 
plane P, which is at the focal length F of the lens 16. In 
practice, the pupil plane itself may be inaccessible, and may 
instead be re-imaged with auxiliary optics (not shown) onto 
the detector located in a so-called conjugate pupil plane P. 
The detector may be a two-dimensional detector so that a 
two-dimensional angular scatter spectrum or diffraction 
spectrum of a substrate target 30 can be measured. In the 
pupil plane or conjugate pupil plane, the radial position of 
radiation defines the angle of incidence/departure of the 
radiation in the plane of focused spot S, and the angular 
position around an optical axis O defines azimuth angle of 
the radiation. The detector 19 may be, for example, an array 
of CCD or CMOS sensors, and may use an integration time 
of for example, 40 milliseconds per frame. 
0057 Radiation in reference path RP is projected onto a 
different part of the same detector 19 or alternatively on to 
a different detector (not shown). A reference beam is often 
used for example to measure the intensity of the incident 
radiation, to allow normalization of the intensity values 
measured in the scatter spectrum. 
0058. The various components of illumination system 12 
can be adjustable to implement different metrology recipes 
within the same apparatus. Color filter 12b may be imple 
mented for example by a set of interference filters to select 
different wavelengths of interest in the range of, say, 405 
790 nm or even lower, such as 200-300 nm. An interference 
filter may be tunable rather than comprising a set of different 
filters. A grating could be used instead of interference filters. 
Polarizer 12c may be rotatable or swappable so as to 
implement different polarization states in the radiation spot 
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S. Aperture device 13 can be adjusted to implement different 
illumination profiles. Aperture device 13 is located in a plane 
P" conjugate with pupil plane P of objective lens 16 and the 
plane of the detector 19. In this way, an illumination profile 
defined by the aperture device defines the angular distribu 
tion of light incident on Substrate radiation passing through 
different locations on aperture device 13. 
0059. The detector 19 may measure the intensity of 
scattered light at a single wavelength (or narrow wavelength 
range), or it may measure the intensity separately at multiple 
wavelengths, or integrated over a wavelength range. Fur 
thermore, the detector may separately measure the intensity 
of transverse magnetic- and transverse electric-polarized 
light and/or the phase difference between the transverse 
magnetic-polarized light and transverse electric-polarized 
light. 
0060. In the known angle-resolved scatterometer repre 
sented Schematically in FIG. 2, a metrology target T is 
provided on substrate W. For measurements, this target may 
comprise a 1-D grating, which is printed Such that after 
development, it is an array of solid resist lines. Alternatively, 
the target may be a 2-D grating, which is printed Such that 
after development, the grating is formed of Solid resist 
pillars or vias (contact holes) in the resist. The bars, pillars 
or vias may alternatively be etched into the substrate. 
Measurements of parameters such as line widths and shapes, 
may be obtained by an iterative reconstruction process, 
performed by processing unit PU, from knowledge of the 
printing step and/or other scatterometry processes. 
0061. In addition to measurement of parameters by 
reconstruction, angle-resolved scatterometry is useful in the 
measurement of asymmetry of features in product and/or 
resist patterns. A particular application of asymmetry mea 
Surement is for the measurement of overlay, where the target 
comprises one set of periodic features Superimposed on 
another. The concepts of asymmetry measurement using the 
instrument of FIG. 2 are described for example in published 
patent application US2006066855A1 cited above. Simply 
stated, while the positions of the higher diffraction orders 
(1 order and above) in the diffraction spectrum of a periodic 
target are determined only by the periodicity of the target, 
asymmetry of intensity levels in the diffraction spectrum is 
indicative of asymmetry in the individual features which 
make up the target. In the instrument of FIG. 2, where 
detector 19 may be an image sensor, such asymmetry in the 
higher diffraction orders appears directly as asymmetry in 
the pupil image recorded by detector 19. This asymmetry 
can be measured by digital image processing in unit PU, and 
calibrated against known values of overlay. 
0062 For very fine product structures having features 
many times Smaller than the wavelength of the illuminating 
radiation, however, higher order diffraction signals are not 
captured by collection path CP of the optical system. 
Accordingly, conventional methods of diffraction-based 
overlay measurement are not able to reveal the type of 
overlay errors that may cause performance issues in very 
fine product structures formed by a modern multiple-pat 
terning process. 
0063 FIG. 3 shows a measurement target 30 formed on 
a substrate W according to an embodiment of the present 
disclosure. The measurement target comprises a first target 
structure 31 and a second target structure 32. Examples of 
these will be described in greater detail below with reference 
to FIG. 6. Both the first target structure and the second target 
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structure are comprised of features which have dimensions 
similar to those of product features. The first target structure 
and second target structure may be formed in the same 
material layer as product features formed on the same 
Substrate, and may be formed by the same processes as the 
product features. For example, the first target structure and 
the second target structure may be formed in a single layer 
by multiple patterning steps. In another example, the first 
target structure and the second target structure are formed by 
the same etching steps as product structures on the Substrate. 
Such product structures may be formed elsewhere on the 
same Substrate, or it may be a substrate dedicated to carrying 
metrology targets only. In this regard, the Substrate W in this 
example may be one of the substrates 232 or 234 in the 
process illustrated in FIG. 1, rather than one of the substrates 
220 that have not yet ben etched. 
0064. In the example, both the first target structure and 
the second target structure are two-dimensional structures, 
with periodicity in at least Some features along one or both 
of the X direction or the Y direction. Whatever the period 
icity of the structure as a whole, features within the structure 
are arrayed in a first direction (e.g. the X direction)with a 
pitch (spatial period) similar to that of product features to be 
formed by the lithographic process under investigation. 
Each target structure as a whole may be periodic in one or 
more directions. 

0065. Whatever the periodicity of the structure as a 
whole, it is a two-dimensional structure in the sense that it 
has features varying in both the X direction and the Y 
direction. By comparison, a “one-dimensional grating 
structure may extend in two dimensions over an area of a 
substrate, but (at least within the illumination spot S of the 
metrology apparatus) varies only in one direction. In other 
words, references to two-dimensional structures in the pres 
ent disclosure can be interpreted so that each target structure 
comprises features having non-zero components in a 
complementary Fourier space in both k, and k, directions (k 
are wavenumbers). 
0066. As can be seen, the measurement target 30 in this 
example has a set of dimensions that are bigger than the 
irradiation spot S of the metrology apparatus. This is also 
known as “underfilling the target, and avoids interference 
of other structures in the obtained signals. For example, the 
target may be 40x40 um or larger. With an appropriate 
illumination system, it is possible to reduce the size of the 
irradiation spot. This would enable a commensurate reduc 
tion of the size of the target, for example as small as 10x10 
um. Reducing the size of a measurement target is important 
as it enables the target to be placed within product areas on 
a Substrate without using excessive amounts of substrate real 
estate, which can otherwise be used for product structures. 
0067. In this example, the targets structures 31, 32 are 
each periodic in both a first (X) direction and a second (Y) 
direction. The first target structure 31 and the second target 
structure 32 are in one embodiment defined by of a first set 
of features and a second set of features. In one embodiment, 
represented schematically in FIG. 3, the first features com 
prise a plurality of linear elements defined by a first litho 
graphic step, the linear elements being arranged in a periodic 
arrangement. In this embodiment, the plurality of linear 
elements are modified by the second set of features to form 
a two-dimensional periodic structure. Specifically, the sec 
ond set of features, comprises a periodic arrangement of 
locations where portions of the linear elements have been 
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removed. The locations of these “cuts are defined by the 
second lithographic process, and have a two-dimensional 
periodic arrangement. Typically the shortest pitch (highest 
spatial frequency) of all the spatial frequency components 
will be that of the grid formed using the first lithographic 
step. The grid may be one-dimensional or two-dimensional. 
The two-dimensional structure comprising a grid of linear 
elements with cuts is similar in its spatial frequency com 
ponents to product structures that are to be produced on the 
same or another Substrate using the same lithographic pro 
CCSS, 

0068 FIG. 4 shows schematically the overall layout of a 
first patterning device MA1, Such as a reticle. The patterning 
device MA1 may comprise features 400 defining a number 
of metrology targets and functional product pattern areas 
402. AS is well known, patterning device M may contain a 
single product pattern, or an array of product patterns if the 
field of the lithographic apparatus is large enough to accom 
modate them. The example in FIG. 4 shows four product 
areas labeled D1 to D4. Target features 400 are placed in 
scribe lane areas adjacent these device pattern areas and 
between them. The substrate W will eventually be diced into 
individual products by cutting along these scribe lanes, so 
that the presence of the targets does not reduce the area 
available for functional product structures. Where targets are 
Small enough, they may also be deployed within the product 
areas 402, to allow closer monitoring of lithography and 
process performance across the Substrate. Some in-die target 
features 404 of this type are shown in product areas D1-D4. 
0069. While FIG. 4 shows the patterning devices MA1 
the same pattern is reproduced on the substrate W after the 
first lithographic step, and consequently the above descrip 
tion applies to the substrate W as well as the patterning 
device. Often a feature on the substrate will be defined 
directly by corresponding features on the patterning device. 
As is also known, however, the relationship between the 
pattern on the patterning device and the finished features on 
the Substrate is more complex. This can be especially so 
when techniques such as pitch multiplication and multiple 
patterning are applied in the processes described here. 
0070 Additionally, a second patterning device MA2 is 
shown in FIG. 4. A separate patterning device is needed for 
each lithographic step of the lithographic process. These 
patterning devices are just two among a larger set of 
patterning devices that will be used in a sequence of litho 
graphic steps to make a finished product by the process 
illustrated in FIG. 1. In this example, the patterning devices 
MA1 and MA2 are designed to be used together in a 
multiple patterning process, so as to define target structures 
and product structures within a single material layer. 
0071 Similarly to the first patterning device, the second 
patterning device comprises a number of metrology target 
features 400' and a number of functional product areas 402'. 
The layout is very similar between the two patterning 
devices at a macroscopic level, but at the microscopic level 
the patterns may be very different. Thus, the second pat 
terning device may define new features of the target struc 
tures and/or functional product patterns, to be added to 
features defined in the first lithographic step. Alternatively, 
or in addition, the second patterning device may define 
features which modify the features defined in a first litho 
graphic step. As an example, the first patterning device MA1 
may define (directly or indirectly) a grid of features that are 
formed on the Substrate using a first lithographic process. 
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The second patterning device MA2 may define a number of 
features which modify elements of the grid structure, during 
a second lithographic process. 
0072 Referring now to FIG. 5, an example of multiple 
patterning to form a product structure on a Substrate is 
illustrated. At (a), a first grid structure can be seen that 
comprises a plurality of grid elements 510, 512, 514, 516, 
518, 520 that are arranged in a periodic arrangement in a first 
direction. The features of the first grid structure have been 
defined by a first patterning device MA1 in a first litho 
graphic step. In an example, however, the grid structure is 
not defined directly by the patterning on the first patterning 
device, but has been formed by using pitch multiplication 
(e.g. doubling, quadrupling). Pitch multiplication allows the 
production of structures having a far finer pitch than any 
thing that can be formed directly using lithographic appa 
ratus LA. It is of course to be noted that pitch multiplication 
is merely one exemplary method for forming grid structures. 
0073. The next process step to form a functional device 
pattern by multiple patterning typically involves local modi 
fication of some or all elements of the grid structure. In the 
present example, modification involves removing material at 
selected locations along the elements of the first grid struc 
ture, so as to cut each grid element into a number of 
individual elements. In the finished product, the elements 
may for example perform metallic conductors, connecting 
functional devices and other conductors formed in layers 
above and/or below the layer shown. Other types of modi 
fication may be envisaged in principle, and cutting will be 
used as an illustration in the following description, only 
because it is the most common example of modification. 
Also, modification of the elements should be understood as 
one example of modification of the first gird structure 
generally. Modification of the first grid structure could for 
example include locally bridging a gap between elements, 
rather than modifying the elements themselves. In this way, 
the gaps between elements become divided into discon 
nected gaps, which may be useful in forming functional 
device structures in Subsequent process steps. 
0074 To achieve the local cutting of the grid elements 
510,512, 514, 516, 518, 520, a second lithographic process 
is performed using second patterning device MA2 to define 
a cut mask 522, illustrated by the dashed line in view (b). Cut 
mask 522 can be formed of photosensitive resist material 
which substantially covers the first grid structure, except for 
small apertures 524. A patterning device (MA in FIG. 1) can 
be provided with the appropriate pattern to form the cut 
mask apertures directly by imaging in the resist, or indirectly 
in some way. As can be seen in view (b), small portions 526 
of the grid elements are exposed in the apertures 524. In the 
present example, the apertures 524 are arranged in a periodic 
manner in both the first and a second direction orthogonal to 
the first direction. The periodicity of the cut mask pattern is 
lower (longer period; lower spatial frequency) than the grid 
structure with pitch A. Embodiments wherein the apertures 
are arranged in a periodic manner in only one of the first 
direction and the second direction may also be envisaged. 
By a suitable etching process, all the exposed portions of the 
grid elements 510, 512, 514, 516, 518, 520 are removed. 
After the cut mask 522 is removed, we see at (c) the 
functional device pattern which comprises the grid elements, 
separated by cuts or gaps. This device pattern may be the 
finished product structure, or some intermediate structure to 
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which further steps are applied to produce the finished 
product based on this pattern. 
0075 For the purposes of this example, only one pro 
cessing step has been shown in FIG. 5. In practice, further 
processes, including application of further grid elements, 
may be carried out to form a functional device structure in 
accordance with a particular pattern. 
(0076 Referring to FIGS. 6, a method is shown for 
forming the metrology target 30 shown in FIG. 3 by the 
process described with reference to FIG. 5. As described 
above, the target structure is formed of a first target structure 
31 and a second target structure 32. Each target structure 
comprises features defined by a first lithographic step and 
features defined by a second lithographic step. In the present 
example, formation of the first target structure begins at (a) 
with a first grid structure 610 and the second target structure 
begins with a second grid structure 612. These features 
comprise a grid structure that is comprised of a periodic 
array of grid elements 614 spaced with a pitch A in the first 
(e.g. X) direction. The grid elements are arranged in a 
periodic arrangement in the first direction with a pitch. A that 
is similar or identical to that of corresponding product 
structures on the same Substrate. Each grid element in this 
example comprises a linear element which extends in the 
second (Y) direction. 
(0077. The grid structures 610 and 612 are shown and 
labelled as distinct structures purely for explanation. In a 
practical embodiment, a single grid structure may extend 
uniformly throughout both metrology target areas, and also 
though product areas (402) where present. (The difference 
between product areas and metrology target areas in Such a 
case is made in a second lithographic step, as described 
below.) It is, of course, to be noted that this value is 
exemplary only, and that any Suitable value can be chosen 
for the pitch A. Typically, the pitch should match the pitch 
of the product features, so that ultimately any measured 
parameter relates accurately to what is achieved in the real 
product. In one example, the pitch is A=40 nm. The pitch is 
several times smaller than the wavelength of radiation used 
in a typical scatterometer, which may be in the range for 
example 400-700 nm. The techniques described herein may 
be use where the pitch of an underlying periodic structure is 
less than a fifth, or less than a tenth of the wavelength of the 
radiation used in a measurement. 
0078. Subsequently, during the second lithographic step 
and Suitable processing modifications to the grid structure 
are made to form the product structure (if present on the 
same Substrate) and the first and second target structures 31, 
32. 

0079. To form the first target structure 31, a first cut mask 
616 is formed using the second patterning device MA2 in the 
second lithographic step, as shown at (b). This cut mask 
comprises a plurality of apertures 620, the apertures in this 
example being arranged in a periodic manner in both the first 
and second directions. In the present example, the apertures 
are illustrated as rectangular, although it is, of course, to be 
appreciated that the apertures could be any suitable shape, 
and may be distorted when produced in the real process. The 
apertures 620 of the first cut mask 616 are arranged on the 
cut mask so as to be offset from the grid elements by a 
known amount (also known as "bias'). In the present 
example, the apertures of the first cut mask are biased by 
A/2+d, (d.<A), that is to say an amount close to half the 
pitch of the grid structure. The apertures 620 are therefore 
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positioned so that each aperture results in a partial cut being 
made to one or both of the adjacent grid elements 614, rather 
than neatly cutting one grid element as they do in the product 
structure of FIG. 5. In the example with A=40 nm, for 
example, one might choose d=5 nm. It should be noted that 
the specific value for d is exemplary only, and that any 
suitable value for d could be chosen. 
0080. By setting the bias close to A/2 asymmetry in the 
target structure 31 is made more pronounced, and more 
sensitive to any further misplacement of the cut mask 
apertures, such as would be caused by overlay error. This in 
turn increases the asymmetry of radiation scattered by the 
first target structure and the sensitivity of that asymmetry to 
misplacement caused by overlay error. 
0081. Similarly, to form the second target structure 32, 
the second patterning device MA2 and the second litho 
graphic step are used to form a second cut mask 618. The 
second cut mask comprises a plurality of apertures 620 in a 
similar arrangement to that of the first cut mask. The 
apertures 620 of the second cut mask 618 are biased by a 
different amount, still close to a half pitch when compared 
to their position in product areas (FIG. 5). In an example, the 
second target structure is formed with bias amount of A/2-d. 
The values for the pitch A and d are identical to those of the 
first cut mask, so that the bias amounts in the two target 
structures are spaced equally either side of a half pitch. 
0082. After completion of the etching and other process 
steps, the portions of the grid elements 614 that were 
exposed by the apertures have been removed, which results 
in the structures shown at (c). As can be seen, the second 
target structure in this example is a mirror image of the first 
target structure. This is only in the case where the bias 
amounts are spaced equally either side of the half pitch A/2. 
and in the case where overlay error between the first and 
second lithographic steps is Zero. In a real target, with 
non-Zero overlay error, the first and second target structures 
will not be mirror images of one another, and will exhibit 
different degrees of asymmetry within themselves. Note 
that, while the target structures 31, 32 are very different the 
product structure and more sensitive to the parameter of 
interest (such as overlay), they are formed by the identical 
steps and processing, and by identical patterns in the pat 
terning devices MA1, MA2 as the product structures. Only 
the bias in their position relative to the underlying grid 
elements 614 is changed. In this way, the performance of the 
lithographic apparatus and other process steps when forming 
the metrology target structures should be the same as that 
when forming the product structures. 
0083) Referring now to FIG. 7, a method of measuring a 
parameter of a lithographic process 700 according to an 
embodiment of the present disclosure will now be described. 
In step 701, a first target structure and a second target 
structure is provided on a substrate. In the present embodi 
ment, both target structures are formed by a process as 
described above with reference to FIG. 6. Of course they 
may be formed by whatever lithographic process is under 
investigation. 
0084. In step 702, a first angle-resolved scatter spectrum 
radiation is obtained. In the present embodiment, an angle 
resolved scatterometer is used, as described with reference 
to FIG. 2 above. The first target structure is illuminated with 
a light source of selected polarization and wavelength. The 
Zeroth order light scattered by the first target structure is 
collected by the optical system of the scatterometer. As 
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explained above, the detector is located in the back-pro 
jected pupil plane P (or alternatively in the conjugate pupil 
plane P'). The detector 19 then captures a first scatter 
spectrum representing the angular distribution of Zeroth 
order light scattered by the first target structure. In the 
present example, 2-D scatter spectra are obtained. In prin 
ciple, only a 1-D scatter spectrum could be captured by the 
detector, but the 2-D scatter spectrum contains more infor 
mation in practice, particularly as we are concerned in the 
present disclosure with two-dimensional structures formed 
by multiple patterning. 
I0085. In step 703, a second angle-resolved scatter spec 
trum is collected by the detector in a similar fashion. The 
second target structure is illuminated with a light source. The 
Zeroth order light scattered by the second target structure is 
collected by the optical system of the scatterometer. The 
detector then captures a second scatter spectrum represent 
ing the angular distribution of zeroth order light scattered by 
the second target structure. 
I0086. As a preliminary step to steps 702 and 704, a 
process of selecting illumination conditions suitable for the 
specific target structures may be performed. 
I0087. In step 704, a measurement of a parameter of 
interest is derived from an asymmetry of the first and from 
an asymmetry of the second angle-resolved scatter spec 
trum. In the present example, the parameter to be derived is 
overlay error, which is determined as described in the 
following. In other examples, the parameter of interest may 
be exposure dose, focus or asymmetric lens aberration. 
I0088. To measure asymmetry of the scatter spectrum, in 
one example a processing unit generates a first differential 
scatter spectrum by Subtracting from the first scatter spec 
trum a 180-degree rotated copy of itself. The processing unit 
then generates a second differential scatter spectrum by 
Subtracting from the second scatter spectrum an inverted 
copy of itself. Asymmetries AA for the first target 
structure, and AA, for the second target structure, are then 
determined based on the first and second differential scatter 
spectrums. In a simple example, the average pupil asymme 
try is calculated simply by Subtracting the mean of all the 
pixel values in the left half of the differential scatter spec 
trum from the mean of all the pixel values in the right half. 
Alternative or more Sophisticated asymmetry measures can 
be envisaged, for example in order to maximize use of the 
available signal. Optionally, the average pupil asymmetry 
can be normalized to the overall average intensity, as nor 
malized asymmetry measurements are more comparable 
with one another. 

I0089. In FIG. 8 a curve 802 illustrates the relationship 
between overlay OV and asymmetry A in a conventional 
diffraction-based overlay measurement. The conventional 
overlay measurement will be described here purely as back 
ground. The curve normal represents asymmetry between 
+1 and -1 order diffraction signals. The idealized curve 
also assumes an ideal, one-dimensional target structure 
having no offset and no structural asymmetry within the 
individual structures forming the target structure. Conse 
quently, the asymmetry of this ideal target structure com 
prises only an overlay contribution due to misalignment of 
the first features and second features. This overlay contri 
bution results from a combination of a known imposed bias 
amount and an (unknown) overlay error. This graph is to 
illustrate the principles behind the disclosure only, and the 
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units of asymmetry A and overlay OV are arbitrary. 
Examples of actual dimensions will be given further below. 
0090. In the idealized situation of FIG. 8, the curve 802 
indicates that the intensity asymmetry A has a non-linear 
periodic relationship (for example a sinusoidal relationship) 
with the overlay. The period A of the sinusoidal variation 
corresponds to the period or pitch A of the grid elements of 
the target structure, converted of course to an appropriate 
scale. The sinusoidal form is pure in this idealized example, 
but can include harmonics in real circumstances. 
0091. It is well known to the skilled person to use biased 
structures, such as gratings (having a known imposed over 
lay bias), to measure overlay, rather than relying on a single 
measurement. This bias has a known value defined in the 
patterning device (e.g. a reticle) from which it was made, 
that serves as an on-wafer calibration of the overlay corre 
sponding to the measured intensity asymmetry. In the draw 
ing, the calculation is illustrated graphically. As an example 
only, asymmetry measurements A and A are obtained for 
targets having imposed biases +dan -d respectively. Fitting 
these measurements to the sinusoidal curve gives points 804 
and 806 as shown. Knowing the biases, the true overlay error 
OV can be calculated. The pitch A of the sinusoidal curve 
is known from the design of the target structure. The vertical 
scale of the curve 802 is not known to start with, but is an 
unknown factor which can be referred to as a 1 harmonic 
proportionality constant, K. This constant K is a measure 
of the sensitivity of the intensity asymmetry measurements 
to the target structure. 
0092. In mathematical terms, the relationship between 
overlay error OV, and intensity asymmetry A is assumed to 
be: 

Al-K sin(OVid) (1) 

where overlay error OV, is expressed on a scale such that 
the target pitch. A corresponds to an angle 2 tradians. A 
and A represent asymmetry of the target structures with 
biases +d and -d respectively. Using two measurements of 
targets with different, known biases (e.g. +d and -d) the 
overlay error OV can be calculated without knowing K. 
using the relationship: 

Aid + A-d (2) 
OV = atan tand) 

0093. In the present disclosure, it is proposed to use bias 
amounts close to a half pitch, for example bias amounts 
A/2+d and A/2-d. The same principles apply as in equations 
(1) and (2), except that the slope of the sinusoidal function 
will be opposite. On the other hand, in the present disclosure 
it is also proposed to use only Zeroth order Scatter spectra. 
The structures under investigation are periodic with periods 
much shorter than the wavelength w of the illuminating 
radiation. The period A may be for example less than 0.2 
or less than 0.1 W, and to collect higher order diffracted 
radiation may be impossible with the available optical 
system. Strong asymmetry signals with the sinusoidal form 
shown in FIG. 8 are therefore not expected. The inventors 
have recognized that, using bias amounts close to A/2 
instead of bias amounts close to Zero can give useful 
asymmetry signals even in the Zeroth order scatter spectrum, 
for 2-D product structures formed by multiple patterning in 
a single material layer. 
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0094. Note that the pitch A in this context is not neces 
sarily a periodicity of the finished 2-D target structure, but 
rather by the pitch of the grid formed in the first lithographic 
step. This will be the shortest period of several periodic 
components present in the overall 2-D periodic structure 
after the second lithographic step. While it is sensible for 
various reasons to use two bias values either side of A/2, and 
to have them equally spaced either side of A/2, this is not an 
essential requirement. One of the bias amounts could be 
exactly A/2, if desired; both could even be on the same side 
of A/2. The calculations can be adapted to any pair of bias 
values close to A/2. Considering what is “close to a half 
pitch, this is a matter of choice and experimentation for each 
target. In a practical implementation, it may be desired to 
operate in a relatively narrow region of the sinusoidal 
function in Equation (1), so that the variation of asymmetry 
with overlay can be considered to be linear. Not only the bias 
amounts should be considered when identifying the operat 
ing region, but also the anticipated range of overlay error 
that will be added to the programmed bias in a real target 
structure. The bias amounts A/2+d for example may lie 
between 0.3 A and 0.7 A, or between 0.4. A and 0.6 A. In a 
particular example, the parameter d is chosen to be d-A/4. 
In general, the exact size of d may be optimized dependent 
on situational requirements and circumstances. Larger val 
ues of d may be used to improve the signal-to-noise ratio, 
and Smaller values of d may be used to increase the accuracy 
of the overlay calculation. 
I0095. In practice, intensity asymmetry measurements are 
not only dependent on the properties of the target structures, 
but are also dependent on the properties of the light incident 
on the target structures. 
0096 FIG. 9 shows a number of exemplary simulated 
results for an exemplary target structure, each simulation 
having been performed using light with a particular wave 
length. Each graph shows the normalized average asymme 
try for a measurement target with target structures as 
described with reference to FIG. 6. Overlay is plotted over 
the horizontal axis, while an amplitude of the asymmetry 
signal is plotted on the vertical axis. In each case, the 
average pupil asymmetry has been normalized to the overall 
average intensity. The wavelength of radiation used in each 
measurement is shown by a label, ranging from 425 nm at 
top left, through to 700 nm at bottom. In the example 
simulated here, the first features of the first target structure 
and the third features of the second target structure both have 
a pitch A=40 nm. The third features of the first target 
structure may be biased for example by A/2+d, where d=5 
nm. The fourth features of the second target structure are 
biased by A/2-d. 
0097. In the present example, the asymmetry varies 
dependent on the wavelength used in the measurement. By 
selecting the wavelength of the light used, it is possible to 
maximize the accuracy of the measurement. Different wave 
lengths and polarizations may be more successful for a 
different processes and different target designs. In the illus 
tration of FIG. 9, TM polarization is chosen for all graphs, 
but polarization is a parameter of illumination that can be 
varied if desired. 

0098. Measurements can be taken at more than one 
wavelength and/or polarization, if desired, for further 
improving accuracy of the measurement. Results from dif 
ferent wavelengths can be combined in any suitable manner, 
either before or after conversion to overlay values. Note that 
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it may be desirable to optimize not only the amplitude of the 
asymmetry signal (vertical scale in FIG. 9 graphs), but also 
the linearity of the curve. The wavelength(s) selected should 
be one (or more than one) for which a strong signal is 
obtained which is more or less linear over the range of 
values expected for overlay (or other parameter of interest). 
Among the examples illustrated in FIG. 9, simple inspection 
can be used to select the best one for a given target structure. 
0099 FIG. 10 shows a number of exemplary simulated 
pupil images for one of the radiation wavelengths shown in 
FIG. 9. Each image shows the simulated pupil image for a 
given value of overlay. The radiation wavelength and the 
overlay amount is shown by a label above each image. As 
can be seen, the wavelength of the radiation used is 425 nm. 
and the overlay values range from -6 nm to +6 mm. 
0100. The dimensions of the modern product structures 
are so Small that they cannot be imaged by optical metrology 
techniques. Small features include, for example, those 
formed by multiple patterning processes, and pitch-multi 
plication (terms explained further above). In effect, the 
structures are too small for traditional metrology techniques 
which cannot “see them. Hence, targets used for high 
Volume metrology often use features that are much larger 
than the products whose overlay errors or critical dimen 
sions are the property of interest. 
0101 While scanning electron microscopes are able to 
resolve modern products structures, measurements per 
formed with scanning electron microscopes are much more 
time consuming, as well as more expensive, than optical 
measurements and result in the destruction of the measured 
wafer. 
0102 The inventors have recognized that it is possible to 
perform metrology measurements on structures with dimen 
sions and processing similar to product structures, or on 
structures formed from product structures, by using Zeroth 
order light scattered by these structures. Furthermore, it was 
recognized that using asymmetrical contribution of the mea 
Sured spectrum, weighted by a careful choice of weighting 
coefficients, it is possible to determine an overlay error 
between two steps of multi-patterning process, for example. 
0103) In an aspect, there is provided a method of mea 
Suring a parameter of a lithographic process comprising: 
illuminating a target structure with radiation wherein the 
target structure is formed by said lithographic process, 
obtaining an angle-resolved scatter spectrum of the target 
structure; and deriving a measurement of said parameter 
using asymmetry found in the scatter spectrum of the target 
Structure. 

0104. In some embodiments, using the asymmetry found 
in the scatter spectrum of the target structure comprises 
using regions of the scatter spectrum which are being 
equally spaced from a reference. 
0105. In some embodiments, the contribution of the 
asymmetry, found in the scatter spectrum of the target 
structure used in deriving of the parameter of the litho 
graphic process, is modified by a weighting coefficient. 
0106 Further, the illumination of the metrology appara 
tus described in FIG. 2, can be directed towards regions of 
the wafer W containing a pattern forming product structures. 
In usual experimental conditions, when forming a product as 
a result of exposure of at least two patterning devices, it is 
expected that an overlay error will appear, overlay error 
being between said formed pattern structures. As a way of an 
example, the two patterns can be formed by a patterning 
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device corresponding to a periodic line structure and a 
patterning device corresponding to a cut mask. 
0107 The target structure, formed by product structures 
as described in the paragraph above, or formed by structures 
similar to product structures, is illuminated with a light 
source of selected polarization and wavelength. The Zeroth 
order light scattered by the target structure is collected by the 
optical system of the scatterometer. As explained above, the 
detector is located in the back-projected pupil plane P (or 
alternatively in the conjugate pupil plane P"). The detector 19 
then captures a first scatter spectrum representing the angu 
lar distribution of zeroth order light scattered by the first 
target structure. In the present example, 2-D scatter spectra 
are obtained. In principle, only a 1-D scatter spectrum could 
be captured by the detector, but the 2-D scatter spectrum 
contains more information in practice, particularly as we are 
concerned in the present disclosure with two-dimensional 
structures formed by multiple patterning. Therefore, a 
parameter of a lithographic process is measured with a 
method comprising: illuminating a target structure with 
radiation wherein the target structure is formed by said 
lithographic process, obtaining an angle-resolved scatter 
spectrum of the target structure; and deriving a measurement 
of said parameter using asymmetry found in the scatter 
spectrum of the target structure. 
0.108 Further, the method is using regions of the scatter 
spectrum which are being equally spaced from a reference 
when using the asymmetry found in the scatter spectrum of 
the target structure. For example, when the measured spec 
trum is a 2-D scatter spectrum, measured in the pupil plane 
P, the reference can be one of the two axes of 2-D coordinate 
system. In this case, the reference can be the X-axis or the 
y-axis. It should be recognized that the X-axis and the y-axis 
form symmetry references as a line. Further, in the same 2-D 
coordinate system, the origin of the coordinate system can 
be considered a reference as well. In this case, the reference 
would be a point. 
0109 The step of deriving a measurement of a parameter 
of a lithographic process uses regions of the 2-D measured 
spectrum, as found in the pupil P. regions which are sym 
metrical with respect to a reference. By Subtracting said 
symmetrical contribution of the pupil, one is able to find an 
indication of a degree of asymmetry present in the measured 
2-D spectrum. The step of Subtracting said symmetrical 
portions of the pupil forms a characteristic SS. The asym 
metry of the 2-D spectrum is correlated to the overlay error 
between patterned structures formed in different litho 
graphic steps, for example. The regions which are used in 
deriving the overlay error can be single pixels or can be 
groups of pixels, said groups having an internal symmetry, 
or said groups having no symmetry at all. 
0110. Further, the contribution of the asymmetry, found 
in the scatter spectrum of the target structure used in 
deriving of the parameter of the lithographic process, is 
modified by weighting coefficients. Each characteristic SS 
will represent an indication of the asymmetry of the 2-D 
spectrum as measured in the pupil and an indication of the 
symmetry of the asymmetry as present in the 2-D scatter 
spectrum. It is recognized that one can measure multiple SS 
characteristics, each one of the SS characteristics being a 
contribution from a different region of the measured 2-D 
spectrum or obtained by using different weighting coeffi 
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cients. By introducing a weighting factor for each charac 
teristic SS, it is possible to enhance detection of the overlay 
eO. 

0111. In an embodiment, the weighting coefficient is 
obtained from the asymmetric Jacobian part of the symmet 
ric position. The region in the 2-D spectrum sensitive to the 
overlay error can be obtained by computing the Jacobian for 
the nominal target model of the target structure using an 
analytical or computational method. Such as, for example, 
RCWA. The weighting coefficients follow from the asym 
metric part of this Jacobian. 
0112. In an embodiment, the weighting coefficient is 
obtained from the asymmetric Jacobian calculated at differ 
ent overlay errors. Due to non-linear 2-D spectrum 
responses, the Jacobian may change when the target struc 
ture changes due to process variations. The asymmetric part 
of a (weighted) Jacobian average, obtained from models of 
the target structure corresponding to different process varia 
tions, can be used to make the overlay measurement more 
robust to process variations. 
0113. In an embodiment, the weighting coefficient is 
obtained from a Design of Experiment (DoE). A DoE can be 
used to determine the region in the measured 2-D spectra 
that is sensitive to the overlay error, by, e.g., applying a PCA 
(principal component analysis) to the asymmetry of these 
measured 2-D spectra. The weighting scheme directly fol 
lows from one or more obtained principal components. 
0114. Although patterning devices in the form of a physi 
cal reticle have been described, the term “patterning device' 
in this application also includes a data product conveying a 
pattern in digital form, for example to be used in conjunction 
with a programmable patterning device. 
0115 Further embodiments according to the invention 
are provided in below numbered clauses: 
011 6 1. A method of measuring a parameter of a litho 
graphic process, the lithographic process being for forming 
a two-dimensional, periodic product structure in a single 
material layer using two or more lithographic steps, the 
method comprising: 
0117 providing first and second target structures, each 
target structure comprising a two-dimensional periodic 
structure formed in a single material layer on a Substrate 
using first and second lithographic steps, wherein, in the first 
target structure, features defined in the second lithographic 
step are displaced relative to features defined in the first 
lithographic step by a first bias amount that is close to one 
half of a spatial period of the features formed in the first 
lithographic step, and, in the second target structure, features 
defined in the second lithographic step are displaced relative 
to features defined in the first lithographic step by a second 
bias amount close to one half of said spatial period and 
different to the first bias amount; 
0118 obtaining an angle-resolved scatter spectrum of the 

first target structure and an angle-resolved scatter spectrum 
of the second target structure; and 
0119) deriving a measurement of said parameter using 
asymmetry found in the scatter spectrum of the first target 
structure and asymmetry found in the scatter spectrum of the 
second target structure. 
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I0120 2. A method according to clause 1, wherein obtain 
ing the angle-resolved scatter spectrum of each target struc 
ture comprises: 
I0121 illuminating the target structure with radiation; and 
0.122 detecting the angle-resolved scatter spectrum using 
Zero order radiation scattered by the target structure. 
I0123. 3. A method according to clause 1 or 2, wherein the 
spatial period of each target structure is significantly shorter 
than a wavelength of the radiation used to illuminate the 
target structures. 
0.124. 4. A method according to clause 2 or 3, further 
comprising selecting the wavelength of radiation from a 
range of available wavelengths so as to optimize strength 
and linearity of asymmetry in the angle-resolved scatter 
spectra of the target structures. 
0.125 5. A method according to any preceding clause, 
wherein the step of deriving said parameter comprises 
calculating a measurement of overlay error relating to said 
product structures using the asymmetry found in the scatter 
spectrum of the first target structure, the asymmetry found in 
the scatter spectrum of the second target structure and 
knowledge of the first bias amount and the second bias 
amount. 

0.126 6. A method according to any preceding clause 
wherein features of said target structures that are defined in 
the first lithographic step comprise a grid structure defining 
said spatial period in a first direction, and features of said 
target structures that are defined in the second lithographic 
step comprise modifications of the grid structure at locations 
spaced periodically in a two-dimensional periodic arrange 
ment. 

I0127 7. A method according to any preceding clause 
wherein the features of said target structures that are defined 
in the first lithographic step comprise a grid structure 
defining said spatial period in a first direction, and features 
of said target structures that are defined in the second 
lithographic step comprise cuts in elements of the grid 
Structure. 

0128 8. A method according to any preceding clause, 
wherein the first target structure and the second target 
structure have been formed by etching and/or deposition 
processes after the first and second lithographic steps have 
been used to define their features. 
I0129. 9. A method according to any preceding clause, 
wherein a product structure has been formed in the same 
material layer elsewhere on the same Substrate using said 
first and second lithographic steps, and wherein, in the 
product structure, features defined in the second lithographic 
step are not displaced relative to features defined in the first 
lithographic step by any bias amount. 
0.130 10. A substrate for use in measuring a parameter of 
a lithographic process, the Substrate comprising first and 
second target structures, each target structure comprising a 
two-dimensional periodic structure formed in a single mate 
rial layer using said first and second lithographic steps, 
wherein, 
I0131 in the first target structure, features defined in the 
second lithographic step are displaced relative to features 
defined in the first lithographic step by a first bias amount 
that is close to one half of a spatial period of the features 
formed in the first lithographic step, and, 
I0132 in the second target structure, features defined in 
the second lithographic step are displaced relative to features 
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defined in the first lithographic step by a second bias amount 
that is close to one half of said spatial period and different 
to the first bias amount. 

0.133 11. A substrate according to any preceding clause 
wherein features of said target structures that are defined in 
the first lithographic step comprise a grid structure defining 
said spatial period in a first direction, and features of said 
target structures that are defined in the second lithographic 
step comprise modifications of the grid structure at locations 
spaced periodically in a two-dimensional periodic arrange 
ment. 

0134 12. A Substrate according to any preceding clause 
wherein the features of said target structures that are defined 
in the first lithographic step comprise a grid structure 
defining said spatial period in a first direction, and features 
of said target structures that are defined in the second 
lithographic step comprise cuts in elements of the grid 
Structure. 

0135 13. A substrate according to any preceding clause, 
wherein the first target structure and the second target 
structure have been formed by etching and/or deposition 
processes after the first and second lithographic steps have 
been used to define their features. 

0.136) 14. A substrate according to any of clauses 10 to 13, 
wherein a product structure has been formed in the same 
material layer elsewhere on the same Substrate using said 
first and second lithographic steps, and wherein, in the 
product structure, features defined in the second lithographic 
step are not displaced relative to features defined in the first 
lithographic step by any bias amount. 
0137) 15. A set of patterning devices adapted for defining 
features of the first and second target structures in a litho 
graphic process for the manufacture of a Substrate according 
to any of clauses 10 to 14, the set of patterning devices 
including a first patterning device for use in said first 
lithographic step and a second patterning device for use in 
said second lithographic step to form said first and second 
target structures in said material layer. 
0138 16. A set of patterning devices according to clause 
15, wherein said patterning devices are further adapted for 
defining features of a product structure in the same material 
layer elsewhere on the same Substrate using said first and 
second lithographic steps, and wherein, in the product 
structure, features defined in the second lithographic step are 
not displaced relative to features defined in the first litho 
graphic step by any bias amount. 
0139 17. A metrology apparatus arranged to perform the 
method of any of clauses 1 to 9. 
0140 18. A metrology apparatus according to clause 17, 
further comprising: a Support for a Substrate on which a first 
target structure and a second target structure have been 
formed; 
0141 an optical system for selectively illuminating each 
target structure with radiation and collecting at least Zero 
order radiation scattered by the target structure; 
0142 a detector for detecting an angle-resolved scatter 
spectrum of each using said Zero order radiation; and 
0143 a processor arranged to derive a parameter of a 
lithographic process using asymmetry of the angle-resolved 
scatter spectrum of the first target structure and asymmetry 
of the angle-resolved scatter spectrum of the second target 
Structure. 
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0144. 19. A lithographic system comprising: 
0145 a lithographic apparatus for use in a lithographic 
process; and 
0146 a metrology apparatus according to clause 17 or 18 
for use in measuring a parameter of the lithographic process 
using first and second target structures formed at least 
partially using the lithographic apparatus. 
0147 20. A computer program product comprising 
machine readable instructions which, when run on a Suitable 
processor, cause the processor to perform the deriving step 
of the method of any of clauses 1 to 9. 
0.148 21. A computer program product according to 
clause 20, further comprising machine readable instructions 
for controlling a metrology apparatus to illuminate said first 
and second target structures with radiation and to detect said 
angle-resolved scatter spectra for use in the deriving step. 
0149 22. A method to determine an overlay error on a 
substrate on which product structures have been formed, the 
product structures including first product features that have 
been defined by a first lithographic process and second 
product features that have been defined by a second litho 
graphic process, the overlay error comprising a positional 
deviation between the first product features and the second 
product features, the method comprising: 
0150 providing a first target structure on the substrate, 
the first target structure comprising first target features 
defined by the first lithographic process and second target 
features defined by the second lithographic step, a positional 
relationship between the first target features and the second 
target features depending on a first bias value and the 
overlay error, and 
0151 providing a second target structure on the substrate, 
the second target structure comprising third target features 
defined by the first lithographic process and fourth target 
features defined by the second lithographic step, a positional 
relationship between the third target features and the fourth 
target features depending on a second bias value and the 
overlay error; 
0152 detecting a first angle-resolved scatter spectrum 
using Zero order radiation diffracted from the first target 
Structure: 
0153 detecting a second angle-resolved scatter spectrum 
using Zero order radiation diffracted from the second target 
Structure: 
0154 calculating a measurement of the overlay error 
based on asymmetry observed in the first angle-resolved 
scatter spectrum and the second angle-resolved scatter spec 
trum and on knowledge of the first bias value and the second 
bias value. 
0155 23. A method of measuring a parameter of a 
lithographic process comprising: illuminating a target struc 
ture with radiation wherein the target structure is formed by 
said lithographic process, 
0156 obtaining an angle-resolved scatter spectrum of the 
target structure; and 
0157 deriving a measurement of said parameter using 
asymmetry found in the scatter spectrum of the target 
Structure. 

0158 24. A method according to clause 23, wherein 
obtaining the angle-resolved scatter spectrum of the target 
structure comprises detecting Zero order radiation scattered 
by the target structure. 
0159. 25. A method according to the clause 23, wherein 
each target structure comprising features forming a two 
dimensional array. 
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0160 26. A method according to the clause 23, wherein 
the target structure comprises features having non-Zero 
components in a complementary two dimensional Fourier 
Space. 
0161. 27. A method according to any preceding clause, 
wherein the step of deriving said parameter comprises 
calculating a measurement of overlay error relating to said 
product structures using the asymmetry found in the scatter 
spectrum of the target structure. 
0162 28. A method according to the clause 24, wherein 
using the asymmetry found in the scatter spectrum of the 
target structure comprises using regions of the scatter spec 
trum which are being equally spaced from a reference. 
0163. 29. A method according to the clause 28, wherein 
the reference is a line. 
0164. 30. A method according to the clause 28, wherein 
the reference is a point. 
0.165 31. A method according to the clause 28, wherein 
the contribution of the asymmetry, used in deriving of the 
parameter of the lithographic process, is modified by 
weighting coefficients. 
0166 32. A method according to the clause 31, wherein 
the weighting coefficients are obtained from the asymmetric 
Jacobian part of the symmetric position. 
0167 33. A method according to the clause 31, wherein 
the weighting coefficient is obtained from the asymmetric 
Jacobian calculated at different overlay errors. 
0168 34. A method according to the clause 31, wherein 
the weighting coefficient is obtained from a Design of 
Experiment. 
0169. 35. A metrology apparatus arranged to perform the 
method of any of clauses 23 to 34. 
0170 36. A metrology apparatus according to clause 35, 
further comprising: 
0171 a support for a substrate on which the target struc 
ture has been formed; 
0172 an optical system for selectively illuminating each 
target structure with radiation and collecting at least Zero 
order radiation scattered by the target structure; 
0173 a detector for detecting an angle-resolved scatter 
spectrum of each using said Zero order radiation; and 
0.174 a processor arranged to derive a parameter of a 
lithographic process using asymmetry of the angle-resolved 
scatter spectrum of the target structure. 
0175 37. A lithographic system comprising: 
0176 a lithographic apparatus for use in a lithographic 
process; and 
0177 a metrology apparatus according to clause 35 or 36 
for use in measuring a parameter of the lithographic process 
using target structures formed at least partially using the 
lithographic apparatus. 
0.178 38. A computer program product comprising 
machine readable instructions which, when run on a Suitable 
processor, cause the processor to perform the deriving step 
of the method of any of clauses 23 to 34. 
0179 39. A computer program product according to 
clause 38, further comprising machine readable instructions 
for controlling a metrology apparatus to illuminate said first 
and second target structures with radiation and to detect said 
angle-resolved scatter spectra for use in the deriving step. 
0180 Although specific reference may have been made 
above to the use of embodiments of the invention in the 
context of optical lithography, it will be appreciated that the 
invention may be used in other applications, for example 
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imprint lithography, and where the context allows, is not 
limited to optical lithography. In imprint lithography, a 
topography in a patterning device defines the pattern created 
on a Substrate. The topography of the patterning device may 
be pressed into a layer of resist supplied to the substrate 
whereupon the resist is cured by applying electromagnetic 
radiation, heat, pressure or a combination thereof. The 
patterning device is moved out of the resist leaving a pattern 
in it after the resist is cured. 

0181. The terms “radiation' and “beam used in relation 
to the lithographic apparatus encompass all types of elec 
tromagnetic radiation, including ultraviolet (UV) radiation 
(e.g., having a wavelength of or about 365, 355, 248, 193, 
157 or 126 mm) and extreme ultra-violet (EUV) radiation 
(e.g., having a wavelength in the range of 5-20 nm), as well 
as particle beams, such as ion beams or electron beams. 
0182. The term “lens”, where the context allows, may 
refer to any one or combination of various types of optical 
components, including refractive, reflective, magnetic, elec 
tromagnetic and electrostatic optical components. 
0183 The foregoing description of the specific embodi 
ments will so fully reveal the general nature of the invention 
that others can, by applying knowledge within the skill of 
the art, readily modify and/or adapt for various applications 
Such specific embodiments, without undue experimentation, 
without departing from the general concept of the present 
invention. Therefore, such adaptations and modifications are 
intended to be within the meaning and range of equivalents 
of the disclosed embodiments, based on the teaching and 
guidance presented herein. It is to be understood that the 
phraseology or terminology herein is for the purpose of 
description by example, and not of limitation, such that the 
terminology or phraseology of the present specification is to 
be interpreted by the skilled artisan in light of the teachings 
and guidance. 
0.184 The breadth and scope of the present invention 
should not be limited by any of the above-described exem 
plary embodiments, but should be defined only in accor 
dance with the following claims and their equivalents. 

1. A method of measuring a parameter of a lithographic 
process comprising: 

illuminating a target structure with radiation wherein the 
target structure is formed by the lithographic process; 

obtaining an angle-resolved scatter spectrum of the target 
structure; and 

deriving a measurement of the parameter using asymme 
try found in the scatter spectrum of the target structure. 

2. The method according to claim 1, wherein obtaining the 
angle-resolved scatter spectrum of the target structure com 
prises detecting Zero order radiation scattered by the target 
Structure. 

3. The method according to claim 1, wherein each target 
structure comprising features forming a two-dimensional 
array. 

4. The method according to claim 1, wherein the target 
structure comprises features having non-zero components in 
a complementary two dimensional Fourier space. 

5. The method according to claim 1, wherein the deriving 
the parameter comprises calculating a measurement of over 
lay error relating to the product structures using the asym 
metry found in the scatter spectrum of the target structure. 

6. The method according to claim 1, wherein using the 
asymmetry found in the scatter spectrum of the target 
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structure comprises using regions of the scatter spectrum 
which are being equally spaced from a reference. 

7. The method according to claim 6, wherein the reference 
is a line. 

8. The method according to claim 6, wherein the reference 
is a point. 

9. The method according to claim 6, wherein the contri 
bution of the asymmetry, used in deriving of the parameter 
of the lithographic process, is modified by weighting coef 
ficients. 

10. The method according to claim 9, wherein the weight 
ing coefficients are obtained from a asymmetric Jacobian 
part of the symmetric position. 

11. The method according to claim 9, wherein the weight 
ing coefficient is obtained from a asymmetric Jacobian 
calculated at different overlay errors. 

12. The method according to claim 9, wherein the weight 
ing coefficient is obtained from a Design of Experiment. 

13. A metrology apparatus comprising: 
a Support configured to Support a Substrate on which a 

target structure has been formed; 
an optical system configured to selectively illuminate 

each target structure with radiation and collect at least 
Zero order radiation scattered by the target structure; 

a detector configured to detect an angle-resolved scatter 
spectrum of each using the Zero order radiation; and 

a processor arranged to derive a parameter of a litho 
graphic process using asymmetry of the angle-resolved 
scatter spectrum of the target structure. 

14. A lithographic system comprising: 
a lithographic apparatus for use in a lithographic process; 

and 
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a metrology apparatus comprising: 
a Support configured to support a Substrate on which a 

target structure has been formed; 
an optical system configured to selectively illuminate 

each target structure with radiation and collect at 
least Zero order radiation scattered by the target 
Structure: 

a detector configured to detect an angle-resolved scatter 
spectrum of each using the Zero order radiation; and 

a processor arranged to derive a parameter of a litho 
graphic process using asymmetry of the angle-re 
Solved scatter spectrum of the target structure, 

wherein the metrology apparatus is configured to measure 
a parameter of the lithographic process using the target 
structure formed at least partially using the lithographic 
apparatus. 

15. A computer program product comprising machine 
readable instructions which, when run on a suitable proces 
Sor, cause the processor to perform operations comprising: 

illuminating a target structure with radiation wherein the 
target structure is formed by a lithographic process; 

obtaining an angle-resolved scatter spectrum of the target 
structure; and 

deriving a measurement of a parameter using asymmetry 
found in the scatter spectrum of the target structure. 

16. The computer program product according to claim 15, 
further comprising: 

machine readable instructions for controlling a metrology 
apparatus to illuminate the target structure with radia 
tion; and 

machine readable instructions for detecting the angle 
resolved scatter spectra for use in the deriving. 
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